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MOTIVATION
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PWFA KEY ISSUES

- Long plasma production
- Meter long, homogeneous plasmas (E-157)

- Hose instability
- Limits the propagation/accel eration length
- Limits the accelerating gradient

- Transverse dynamics (E-157)
- Betatron oscillations
- & beam tail motion

- Acceleration scaling law
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WHAT DO WE PROPOSE?

We propose to measure the parametric dependencies

of the PWFA gradient:
Q=0-1nC, N,=0-7-10° & 0 =1015-1015
| |
v ; v
N gee L0 0O
eE @70MeV / m&E—2.9 *  with | S
@ €10"°%es (mm)g with 1, @4s.
A

P. Muggli, BNL/CAP 1-2/6/2000

|
t=s_/c=1-10ps

Never measured before!




Physical Principles of the Plasma
Wakefield Accelerator

* Space charge of drive beam displaces plasma electrons
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e Plasma ions exert restoring force => Space charge oscillations

 Wake Phase Velocity = Beam Velocity (like wake on a boat)
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WAKE FELD AMPLITUDE
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Linear Theory:*  €E(eV/cm) =4/n,(cm®)

*S. Leeet al., Phys. Rev. E, May 2000
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ACCELERATING STRUCTURE

2-D non-linear PIC numerical ssmulation

E-157 PWFA : n=2-10* cm3-> {=127GHz
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2-D non-linear PIC ssmulation for E-157:
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ACCELERATING FIELD (E,)
vs. BUMNCH LENGTH

2-D cylindrical, non-linear smulation
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SIMULATION FOR ATF

2-D fully non-linear simulation (NOV A code)
Q=1nC, s,=300pm, s,=100pm, n,=2-10%4 cm’3
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WHY ATF?
- High quality e beam

- High current e beam

- Variable e bunch length (s )
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- TW synchronized CO, laser for plasma production/diagnosis
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EXPERIMENTAL PLAN

Multi-TW
ATF CO, laser
1>10% Wem-? H gas cell Di .
lagnostics:
over afew cm \ O0.01TEPELT Y .
- Thomson scattering
or — .
Ui source - Plasmallight
0.1,1ps£t £ 10ps
QEInC Q=1nC | eE (MeV/m)|n, (cm3)
t=1ps 160 7.8:10%
t=10ps 1.6 7.8-1012

Plan: Vary n_ for each s, (ort), and Q (or N,)
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PLASMA SOURCE

- Field ionized H or He static fill

- requires CO, laser pulse with 1>10" W cnr?
over afew cm (TW ATF upgrade)

- fully 1onized
- plasma density determined from gas pressure
- Lithium plasma source

- requires ArF Excimer laser

- large dimensions plasma
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THOMSON SCATTERING

- Laser light scatters on the plasma wake (grating)

.2
- Scattered power: Fat _ C— % — =+  (ak-matching)
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- Compare to the UCLA Mars case:

dn/ny=0.3 (eE=3GeV/m, n=101 cm3), | =0.5um, ny/n;
dn/ny,=0.1 (eE=160MeV/m, n=210%cm-3), | =10.6um , Ny/n

»2.2:106, L»200um
»7.8-10°, L»2cm
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- Frequency shift: wewtw, - or 130GHz @ n=2-10* cnr3
Spectrograph can resolve Dn » 10GHz
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THOMSON SCATTERING

Mars Laboratory, UCLA:
space and time resolved Thomson scattering
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PLASMA LIGHT

FROM WAKE DISSIPATION

(Preliminary E-157 result’)
view
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PLASMA RADIATION AT 1,

- With n, in the 10'* cm-3range, f »100GHz range

- Plasma waves do not couple efficiently to vacuum modes

- Large amplitude plasma waves are excited

- Detect leakage of plasmaradiation at f,
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@H EMATIC OF THE EXPERIMENT @50

Plasma Light
M easurement
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19
P. Muggli, BNL/CAP 1-2/6/2000



PROPOSED SCHEDULE

- Experiment extends over 2-3 years, with 1 or 2 runs/year
- Each run is 3-4 weeks

- Each run is preceded by >4 weeks of off line preparation

- However, will accommodate ATF schedule
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EXPERIMENTAL PLAN

- Use unique ATF capabilities to measure the wake amplitude
scaling with respect to the e bunch length (eEu 1/s ?)

- Use afield-ionized H plasma or alithium plasma source

- Measure wake amplitude as afct of s, Ny, and n, using:

- Thompson scattering of CO, laser pulse
- Plasma light produced by dissipation of the wake
- Radiation at w, from the plasma (pwave)

- Parameters:
- QEINC
- s,=1ps eE=160MeV/m ny»7.8-10% cnr®
- s,=10ps eE=1.6MeV/m Ny, »7.8-10' cm3
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